jection rates, a large percentage of patients have longterm survival with functioning allografts. As of 2007, over 140,000 patients in the United States had functioning allografts [1] . These patients present with a particular and complex set of medical issues that require intensive management to allow for longevity of both the patient and the allograft. Due to constraints of the transplant center and a limited number of transplant nephrologists, it is imperative that the community nephrologist and primary care provider have an understanding of the complex and interacting medical issues these patients face. Common aspects of medical care of the transplant recipient will be discussed here.
ty of several CVD risk factors. It is well recognized that immunosuppressive agents have associated effects on hypertension, dyslipidemia, and diabetes [3] . Aggressive management of these factors must be carried out by the treating nephrologist ( table 1 ) .
Hypertension
Hypertension is the most prevalent CVD risk factor in kidney transplant recipients, affecting up to 80% of patients [5] . In addition to essential hypertension, primary kidney disease, quality of donor organ, delayed graft function, acute rejection, calcineurin inhibitor (CNI) therapy, glucocorticoids, transplant renal artery stenosis, and chronic allograft nephropathy all contribute to the pathogenesis of post-transplant hypertension [6] . Based on a variety of published guidelines, the recommended treatment goal for hypertension in transplant recipients is ! 130/80 mm Hg. In addition to lifestyle modifications including weight loss, dietary sodium restriction, and physical exercise, the majority of transplant recipients will require medical therapy to achieve the target blood pressure.
Most classes of antihypertensive agents have been used and are effective in treating kidney transplant recipients, but it is important to recognize that the pharmacologic management of hypertension in this population presents several unique issues related to potential drug interactions and side effects. Calcium channel blockers have been used as first-line agents due to their vasodilatory properties that may counteract the vasoconstrictive effects of CNI. It should be noted, however, that verapamil and diltiazem significantly interact and raise CNI levels with potential for nephrotoxicity, and should be avoided if possible. In patients who have known CVD, ␤ -blockers are recommended as first-line agents. If the transplant recipient has significant proteinuria and/ or diabetes, angiotensin-converting enzyme inhibitors (ACE-I) or angiotensin receptor blockers (ARB) should be instituted due to their potential renoprotective effects, with close attention given to serum potassium levels.
Dyslipidemia
Post-transplant hyperlipidemia occurs in 60-80% of transplant recipients [7] . The evaluation and treatment of hyperlipidemia should follow National Cholesterol Education Program III clinical practice guidelines with target total cholesterol, low-density lipoprotein (LDL), and triglyceride values of ! 200, 100, and 150 mg/dl, respectively [8] . Statin drugs have been used safely for those patients who are unable to meet the recommended target levels with dietary modification and exercise alone. In one of the few randomized controlled trials in transplantation, the Assessment of Lescol in Renal Transplant (ALERT) trial demonstrated a significant reduction in LDL cholesterol, incidence of myocardial infarction, and cardiac death in patients randomized to fluvastatin [9] . For patients with significant hypertriglyceridemia, fibric acid derivatives such as gemfibrozil are recommended [10] . It should be recognized that both statins and fibrate drugs can interact with CNI and increase the risk of hepatitis, myositis, and rhabdomyolysis with close monitoring of patients recommended after institution of these agents. Ezetimibe in small studies has been shown to be well tolerated and effective in lowering LDL cholesterol when used alone and in combination with statin therapy [11] .
Diabetes
New-onset diabetes after transplantation, which occurs in up to 25% of recipients, has been shown to both be a major risk factor for CVD after transplantation and have a deleterious effect on overall patient and graft survival [12] . Identified risk factors for the development of new-onset diabetes after transplantation include: African-American race, hepatitis C, immunosuppressive medications, (tracrolimus, sirolimus, steroids), obesity, and hypertension [12] .
All patients should be screened periodically for newonset diabetes after transplantation according to American Diabetes Association [13] criteria, including fasting plasma glucose levels 6 126 mg/dl or 2-hour plasma glucose levels 6 200 mg/dl. As with hyperlipidemia, dietary modification and exercise should be encouraged. In addition, modification of the immunosuppressive regimen should be considered with rapid tapering of corticosteroids and reduction in exposure to tacrolimus and sirolimus [14] .
Chronic hyperglycemia management should follow the guidelines outlined by the American Diabetes Association for the treatment of individuals with type 2 diabetes [13] . The physician should set blood glucose targets for each individual patient and adjust therapy according to a 'treat to target' approach. If unable to reach the target with the above methods, oral glucose-lowering monotherapy or combination therapy and/or insulin is recommended. There are no specific recommendations regarding which oral agent to use, but caution should be taken if prescribing metformin due to the possibility of lifethreatening lactic acidosis, particularly in patients with renal failure, sepsis, and cardiovascular compromise. Referral to a diabetologist may be of benefit and patients should be counseled regarding regular opthalmological evaluation and foot care.
Chronic Kidney Disease Care
Anemia Anemia is a common post-transplant complication and is estimated to occur in 30-40% of patients [15] . The American Society of Transplantation defines anemia as hemoglobin ! 13 mg/dl for men and ! 12 mg/dl for women [16] . At the time of kidney transplantation, most patients have anemia secondary to inadequate erythropoietin production and iron deficiency. Immediately after transplant, surgical blood loss, frequent phlebotomy, and allograft dysfunction may lead to continued anemia. In patients with well-functioning grafts, anemia usually resolves 3-6 months after transplantation [17] . There are a multitude of additional factors that may lead to anemia in the late post-transplant period ( 6 6 months) including immunosuppressive agents (MMF, azathioprine, sirolimus) viral infections (parvovirus, EBV, CMV), and acute or chronic allograft dysfunction. Transplant providers should screen all kidney transplant patients routinely for anemia. In patients with anemia, follow-up testing should include iron studies, red blood cell indices, reticulocyte count, and occult blood for stool. If hemolytic anemia is suspected, bilirubin, haptoglobin, and lactate dehydrogenase should be measured. Although anemia has been shown to be an independent risk factor for post-transplant left ventricular hypertrophy and cardiovascular events [18] , there is currently insufficient evidence to show that aggressive anemia management improves overall outcomes. It is recommended that the K/DOQI guidelines for the management of anemia in chronic kidney disease be followed in the transplant population [19] , but until prospective randomized trials are carried out determining optimal hemoglobin targets in kidney transplant recipients, liberal use of recombinant erythropoietin should be avoided.
Bone Metabolism
Fracture rates between 6 and 45% have been reported after kidney transplantation [20] . A unique characteristic is that most of the fractures occur primarily in the appendicular skeleton, particularly the feet. Patients with a history of diabetes are at particular risk for peripheral fractures [21] . Many factors contribute to post-transplant bone disease, including pre-existing renal osteodystrophy, corticosteroid therapy, hormone deficiencies, persistent hyperparathyroidism, and hyperphosphaturia. Recipients of kidney transplants rapidly lose bone, with dual X-ray absorptiometry scans showing a significant decrease in bone mineral density as early as 3-6 months after transplantation [22] . It is recommended that dual X-ray absorptiometry scans be obtained at regular intervals after transplant. In addition, laboratory evaluation should include measurement of calcium, phosphorus, intact parathyroid hormone, and 25-hydroxyvitamin D levels.
The prevention and management of bone disease after transplant requires a multifactorial approach. Patients who are deemed to be at high risk for fractures should be identified pretransplant and the use of a steroid avoidance protocol should be considered. High-risk patients are those who are older, diabetic, and have a previous history of fracture, as well as those with extended dialysis duration before transplantation [20] . Other strategies to prevent early bone loss have been the use of vitamin D analogues and bisphosphonates. Although both therapies have been shown to prevent early bone loss in kidney transplant recipients, there are no controlled studies that demonstrate fracture prevention [23] . In addition, it is important to recognize that use of bisphosphonates has been associated with adynamic bone disease [24] and should be used with caution in kidney transplant recipients. Patients should have adequate calcium intake (1,200 mg/day) and 25-hydroxyvitamin D repleted to levels above 30 ng/ml. In addition to pharmacologic therapies, nonpharmacologic measures should be employed to prevent early bone loss. These include regular physical exercise, weight resistance training, and improving balance and mobility.
Transplant-Related Care

Allograft Dysfunction
It is imperative that allograft function be assessed at routine intervals after transplantation through the measurement of serum creatinine values and urinalyses as reduced kidney allograft function is associated with poor patient and graft outcomes [25] . In the late post-transplant period, patients may present with acute kidney injury or a slow decline over time in allograft function, termed chronic allograft dysfunction. Acute kidney injury is most commonly related to volume depletion, drugs (CNI, ACE-I/ARB, NSAIDs), and urinary tract infections. Acute rejection is rare in this period, but should be suspected if the treatment of other causes does not return the creatinine back to the previous baseline, or if the patient admits to noncompliance with their immunosuppressive regimen. In these particular instances, allograft biopsy should be performed. Causes of chronic allograft dysfunction include chronic allograft nephropathy, CNI nephrotoxicity, chronic active antibody-mediated rejection, and recurrent or de novo glomerulonephritis.
Chronic allograft nephropathy is associated with significant morbidity and mortality, and is the main reason for returning to dialysis after transplantation [26] . It is defined as a condition of renal allograft dysfunction occurring at least 3 months after transplantation without evidence of active acute rejection, drug toxicity, or other diseases. It is characterized clinically by gradual deterioration of graft function, increasing proteinuria, and worsening hypertension. Treatment of chronic allograft nephropathy can be challenging, but should focus on prevention of early acute rejection and, in subsequent years, limitation of CNI exposure. In addition, several studies have suggested that ACE-I and ARB may have a beneficial effect in prolonging allograft survival in recipients with chronic allograft nephropathy and proteinuria [27, 28] .
Along with chronic allograft nephropathy, CNI nephrotoxicity plays a significant role in progressive kidney dysfunction after transplantation with most allografts showing histopathologic signs of CNI toxicity by 10 years [29] . A variety of tactics have been employed to try to limit CNI toxicity through CNI avoidance, early withdrawal, or minimization. Several systematic reviews have shown higher creatinine clearance in patients withdrawn from CNI and treated with sirolimus-based therapy [30, 31] .
Chronic antibody-mediated rejection is defined by the presence of donor-specific antibodies in the recipient serum and C4d deposition in the peritubular capillaries. These patients present with significant proteinuria as a result of transplant glomerulopathy, a specific glomerular lesion thought to be the result of immune injury. Patients who are considered to at high risk immunologically at the time of transplant may benefit from DSA screening and subsequent adjustment of immunosuppression. Finally, glomerulonephritis, both recurrent and de novo, can occur at any time after transplantation and contribute to loss of the allograft. Focal and segmental glomerulosclerosis, membranoproliferative glomerulonephritis, and hemolytic uremic syndromes are the disorders known to be most aggressive when they recur. Recurrent and de novo glomerulonephritis is associated with a twofold increase in risk for graft loss [32] and should be considered in any patient presenting with proteinuria, hematuria, and a decline in allograft function. Biopsy with both electron microscopy and immunofluorescence staining should be performed.
Infections
Infections occurring in the transplant recipient are common with the risk of infection determined primarily by the intensity of the immunosuppression and epidemiologic exposures of the individual (donor-derived infections, recipient-derived infections, nosocomial infections, and community infections). The incidence and severity of early post-transplant infections has been dramatically reduced by the use of antimicrobial prophylaxis. Most transplant centers use trimethoprim-sulfamethoxazole for prophylaxis against Pneumocystis carinii pneumonia for at least 6 months after surgery. In addition to P. carinii pneumonia, the drug can prevent infections with common urinary, respiratory, and gastrointestinal pathogens. Dapsone, atovaquone, and pentamidine are alternative agents that may be used in the case of sulfa allergy [33] . Cytomegalovirus prophylaxis should also be instituted, with most centers using oral valganciclovir for at least 4 months after transplantation. Based on the results of the Improved Protection Against CMV in Transplant (IMPACT) trial, patients deemed highest risk (donor +/ recipient -) should receive 6 months of therapy [34] .
Due to a reduction in overall immunosuppression exposure, the risk of infection diminishes 6 months after transplantation, with the most common infections being community-acquired respiratory illnesses. In addition, urinary tract infections are quite common, and most would argue for the routine surveillance of urinary tract infections with urine cultures obtained at each posttransplant visit. In patients who receive increased immunosuppression due to acute rejection episodes, increased vigilance against opportunistic infections including P. carinii , Listeria monocytogenes , Nocardia asteroides , Cryptococcus neoformans , and Aspergillus should be undertaken. In addition to prophylactic therapy, all patients should be appropriately vaccinated to prevent infectious complications. Guidelines on vaccinations are available on the American Society of Transplantation website (www.a-s-t.org). It is important to remember that live vaccines should be avoided in transplant recipients. Recipients should receive a yearly influenza vaccination and pneumococcal vaccination every 5 years after initial vaccination. Patients travelling overseas should receive appropriate counseling and vaccinations as needed prior to their trip [35] .
Malignancy
It is important to recognize that transplant recipients are at increased risk for malignancy as compared to the general population, primarily related to the chronic use of immunosuppressive medications. Neoplasms that have a higher incidence after transplantation include nonmelanomatous skin cancers, Kaposi's sarcoma, nonHodgkin lymphoma, renal cell carcinoma, leukemia, hepatobiliary cancer, cervical cancer, and vulvovaginal cancers [36] . Noted risk factors for malignancy are age, smoking, immunosuppression, and chronic viral infections [37] . Kidney transplant recipients should undergo an annual skin exam and be counseled regarding sun protective measures. Age-appropriate cancer screening including prostate-specific antigen measurements, fecal occult blood testing, breast exam and mammography, Pap smear, and colonoscopy should be performed as indicated. Along with antitumor therapy, several studies have suggested that adjustment of the immunosuppressive regimen with a switch from CNI to sirolimus may be helpful in modifying the course of the malignancy [38] .
General Health Maintenance
Pregnancy
As fertility can be restored to normal soon after a kidney transplant, it is important for physicians caring for recipients to be able to inform the patient about the potential risks of pregnancy. Current opinion is that pregnancy can be successful if carried out under optimal circumstances, including stable allograft function for at least 1 year after transplantation without rejection, good control of blood pressure, and appropriate adjustment of immunosuppression and other known teratogenic medications prior to conception [39] . In planning for pregnancy, one should discuss pregnancy outcomes and the risks for both the mother and fetus. During pregnancy, it is important to pay close attention to medical complications such as worsening of hypertension and development of preeclampsia, risk of infection (in particular of the urinary tract), and worsening anemia. Pregnant recipients should be managed in close conjunction with a high-risk obstetrician.
Preventive Care
Patients should be counseled on the need for lifestyle modification after transplantation. Many transplant patients gain excess weight due to increased caloric intake and lack of routine physical activity. Female, black, low-income patients with type 2 diabetes are at highest risk for obesity [40] . Obesity may exacerbate the cardiovascular risk profile (hypertension, hyperlipidemia, and diabetes) affecting long-term allograft and patient outcomes negatively [40] . It is important that patients receive appropriate counseling regarding healthy dietary practices, and they may benefit from consultation with a transplant dietician. Along with obesity, smoking tobacco has also been shown to exacerbate the cardiovascular risk profile. Kidney transplant recipients should be strongly discouraged from smoking as it has been shown to contribute significantly to allograft loss [41] . Both behavioral counseling and pharmacologic therapy should be recommended to the transplant recipient to aid in smoking cessation.
Conclusion
Kidney transplant recipients present with a unique and complex set of medical issues. As patients survive longer with functioning allografts, the responsibility for their care will become increasingly dependent on the community nephrologist and primary care physicians. It is crucial that these providers have the necessary skills and knowledge to provide appropriate care to these recipients, ensuring optimum health. Diligence and early intervention of transplant-related complications and cardiovascular risk factors should be undertaken with assistance from published guidelines and the transplant centers with the hope of improving long-term outcomes.
